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Cardiac rhythm has been evaluated using 24 hour am-
bulatory electrocardiographic (ECG) recordings in 92
survivors of anatomic correction of transposition of the
great arteries. A lowincidence of arrhythmias was found
in preoperative recordings made in 41 patients. Thirty-
four (83%) patients showed sinus rhythm exclusively;
one (2.4%) patient had supraventricular premature beats
and one (2.4%) paroxysmal atrial fibrillation. Six pa-
tients (14.6%) had ventricular arrhythmias, five(12.2%)
with modifiedLown grade 1 ventricular premature beats
and one (2.4%) with a modified Lown grade 5 arrhyth-
mia. The incidence of arrhythmias was unchanged after
a first stage operation consisting of banding of the pul-
monary artery with or without insertion of a systemic
to pulmonary shunt.
During a mean 3.1 year follow-up, there have been
no cases of arrhythmic death or symptomatic arrhyth-
Intraatrial repair of transposition of the great arteries (1,2)
is associated with a significant incidence of cardiac arrhyth-
mias (3-7), and this has been linked with sudden unexpected
death (8,9). Various factors have been implicated in pro-
ducing these arrhythmias including extensive suture lines in
the atria leading to injury to the sinoatrial node or producing
slow conduction pockets favoring reentrant tachycardia. Al-
ternatively, it is possible that the arrhythmias are an inherent
feature of transposition of the great arteries (10). The prev-
alence of arrhythmias after anatomic correction has not been
widely investigated. We previously reported (11) on a small
group of patients after anatomic correction and found a low
incidence of conduction disturbance and arrhythmias. Sur-
gical technique has evolved since these early patients but,
because longitudinal studies after intraatrial repair have shown
an increasing frequency of arrhythmias with increased du-
ration of follow-up (3,8), it is important to make similar
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mias requiring treatment. Postoperative recordings in
40 patients have shown a low incidence of important
arrhythmias with 62% having recordings free from ar-
rhythmias. There was an increase in the incidence of
infrequent supraventricular premature beats from 4.9%
preoperatively to 23% postoperatively (p < 0.05), with
no significant change in the incidence of ventricular ar-
rhythmias. One patient has acquired completeheart block
but all others had sinus rhythm postoperatively.
Preoperative arrhythmias are uncommon in patients
with transposition of the great arteries and are similar
to those described in normal children. The incidence of
important arrhythmias after anatomic correction is low
during the medium-term period of follow-up. Further
longitudinalstudies willbe required to determine whether
this promising result is maintained.
(J Am Coil CardioI1987;10:200-4)
longitudinal studies after anatomic correction. This study
has investigated arrhythmias by 24 hour ambulatory electro-
cardiographic (ECG) recordings before and after anatomic
correction.
Study patients. During the 10 year period between Oc-
tober 1975 and September 1985, 115 infants and children
with simple or complex transposition of the great arteries
have undergone anatomic correction at Harefield Hospital.
There have been 92 survivors (80% survival to 3 months
for the whole group); Table I shows an anatomic classifi-
cation of these patients. A two-stage approach to correction
was used when left ventricular development appeared in-
adequate as assessed by vectorcardiography, echocardiog-
raphy and hemodynamic measurements (12,13). In the first
11 patients pulmonary artery banding alone or in combi-
nation with Blalock-Hanlon septectomy was used (14). Lately,
pulmonary artery banding has been combined with insertion
of a modified Blalock-Taussig shunt using a 4 mm Gortex
prosthesis.
The technique ofanatomic correction has been described
previously (15). This involved reconnection of the great
arteries to the appropriate ventricle with coronary artery
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Table 2. Modified Lown Grading System for
Ventricular Arrhythmias
Results
Preoperative recordings. Table 3 summarizes the re-
sults of 24 hour ambulatory ECG recordings performed in
41 patients before any surgical intervention. The majority
(34; 82.9%) had sinus rhythm exclusively. Only one patient
(2.4%) showed evidence of supraventricular premature beats;
supraventricular and ventricular premature beats were noted.
Sinus bradycardia and episodic junctional rhythm with a
rate greater than 70 beats/min in infants and 50 beats/min
in older children, associated with sleeping, were considered
normal as these abnormalities are common in normal infants
and children (16,17). Sinus pauses of less than 1.5 seconds
were also considered normal and were frequently seen in
association with sinus arrhythmia. Normal values for the
range of sinus rates were based on the work of Southall et
al. (16,17). Ventricular arrhythmias were graded by a mod-
ification of the Lown criteria (18) (Table 2). Statistical anal-
ysis was performed using chi-square with Yates' correction.
Table 3. Cardiac Rhythm in 41 Patients Before Anatomic
Correction of Transposition of the Great Arteries
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transfer and was combined with repair of defects in the atrial
and ventricular septum, when present. Ventriculotomy was
performed in 23 of the 29 patients who underwent closure
of a ventricular septal defect. Defects in the atrial septum
were repaired by a right atriotomy. Fifty-two patients had
closure of a septostomy or septectomy by direct suture and
13 by patch closure. A secundum atrial septal defect was
present in five patients; one of these defects was large enough
to require patch repair, and the remainder were closed by
direct suture. The remaining 22 patients had a single suture
inserted to close the foramen ovale.
Holter electrocardiography. Arrhythmias have been
evaluated by 24 hour ECG recordings I) before anatomic
correction including before and after the first stage of a two-
stage correction (preoperative recordings), and 2) sequen-
tially during the period of follow-up starting 3 months after
operation (postoperative recordings). No patients have been
excluded from having recordings performed.
Preoperative recordings were performed in 41 patients
between I and 365 days (mean 82) before anatomic cor-
rection. Age at recording was between I day and 7 years
(mean 8.5 months). Balloon atrial septostomy had been
performed before recording in 31 patients. Thirty patients
were receiving digoxin, usually in combination with a di-
uretic. In 14 patients, recordings were performed after the
first stage of the two-stage correction. These recordings were
taken immediately before the second stage of correction and
the interval between the first and second stages ranged be-
tween 5 weeks and 12 months.
Postoperative recordings were performed in 56 patients
between 3 and 90 months (mean 26) after anatomic correc-
tion. A total of 65 recordings were made in these patients,
and patients having multiple late recordings were selected
on the basis of ease of access to Harefield Hospital. No
patient has had a repeat recording because of an arrhythmia
in an earlier recording. Twenty-seven patients have had
sequential preoperative and postoperative recordings.
Analysis of data. Recordings were made using Medilog
cassette recorders and for initial analysis a Reynolds Path-
finder-I analyzer was used by an experienced cardiac tech-
nician. Final analysis and interpretation was by one observer
(R.P.M.). When analyzing the recordings, the dominant
rhythm and the presence and frequency of tachyarrhythmias,
Primary correction
Intact interventricular septum 20
Ventricular septal defect 27
Aortopulmonary window I
Two-stage correction
Pulmonary artery banding with modified Blalock-Taussig shunt 2)
Pulmonary artery banding alone )
Pulmonary artery banding with Blalock-Hanlon septecromy 8
Total '12
Table 1. Anatomic Classification of 92 Patients
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operative period. Two patients required short-term treatment
with amiodarone for control of paroxysmal atrial flutter and
fibrillation in the early postoperative phase.
Table 4 summarizes the findings from the 43 recordings
performed on 40 patients with transposition and intact in-
terventricular septum. Sinus rhythm was present in all but
one patient who has complete heart block with an escape
rhythm of 40 to 80 beats/min. This patient developed com-
plete heart block within a few hours of correction but has
remained asymptomatic during the period of follow-up.
Twenty-nine postoperative recordings (62%) revealed sinus
rhythm exclusively compared with 83% preoperatively (p
> 0.15, P < 0.2). The decreased number of patients with
isolated sinus rhythm postoperatively are not statistically
significant; however, there was a significant increase in the
incidence of atrial premature beats from 4.9% preopera-
tively to 23% postoperatively (p < 0.05). Ventricular ar-
rhythmias were present in eight (19%) of the postoperative
recordings. There was no significant change in the incidence
or severity of ventricular premature beats in comparison with
preoperative recordings (p > 0.5).
Two patients had episodes of junctional bradycardia as-
sociated with periods of low sinus rate. These episodes
probably occurred during sleep but, because details of pa-
tient activity were incomplete for these periods, they have
not been classified as normal. The number of patients show-
ing short periods of junctional rhythm during sleep was
similar in pre- and postoperative recordings and, as men-
tioned previously, these periods were considered normal.
Twenty-seven patients had sequential preoperative and
postoperative recordings. Seven of these acquired arrhyth-
mias: infrequent supraventricular premature beats in two
patients, infrequent ventricular premature beats in two, and
both arrhythmias in three.
Influence of repair of additional lesions. Twenty-one
recordings were performed in 16 patients who had ventric-
ular septal defect repair and 4 (19%) exhibited Lown grade
1 ventricular premature beats. There was no statistically
significant difference in the frequency or grade of ventricular
Table 4. Cardiac Rhythm in 40 Patients After Anatomic
Correction of Transposition of the Great Arteries With Intact
Ventricular Septum
these were infrequent and less than 10 in any I hour. One
patient (2.4%) had two episodes of atrial fibrillation lasting
< 10 seconds. Two patients had sinus pauses > 1.5 but <1.75
seconds in duration. These may represent sinus arrest or
spontaneous variations in sinus rate due to alteration of
autonomic tone. One patient (2.4%) had an episode of junc-
tional bradycardia which can probably be considered normal
because it followed a period of low sinus rate.
Ventricular arrhythmias were seen in six patients (14.6%),
five of whom had modified Lown grade I ventricular pre-
mature beats. One patient had an episode of broad complex
tachycardia lasting for six complexes with a rate of 190
beats/min (Fig. I). It is likely that this was ventricular tachy-
cardia rather than aberrant conduction of a supraventricular
tachycardia. There were also multifocal ventricular pre-
mature beats with one couplet of similar morphology to the
episode of tachycardia documented.
Recordings performed in 14 patients after the first stage
of a two-stage repair did not show any statistically signif-
icant change in the frequency of arrhythmias. Fourteen pa-
tients had such recordings performed and II (79%) dem-
onstrated sinus rhythm exclusively. Two patients (14%) had
Lown grade I ventricular premature beats and one patient
had a short episode of junctional rhythm.
Postoperative recordings. The 92 survivors of surgical
correction have been followed up for 287 patient-years (mean
follow-up time 3.1 years, maximum 10 years). During this
period there were three late deaths in patients with complex
transposition of the great arteries, none attributable to ar-
rhythmias. One child with a ventricular septal defect died
18 months postoperatively from progressive pulmonary vas-
cular disease. One child with perioperative cerebral infarc-
tion died from a pneumonic illness 3 months after anatomic
correction. The third child had a fatal cerebral embolism
originating from the left atrium at the time of cardiac cath-
eterization for recurrence of an atrial septal defect 3 years
postoperatively. No patient has undergone pacemaker in-
sertion. There have been no symptomatic or asymptomatic
arrhythmias requiring drug therapy beyond the early post-
Figure 1. Rhythm strip from a preoperative 24 hour ambulatory
electrocardiographic recording showing an episode of ventricular
tachycardia.
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premature beats on comparing these patients with patients
who had an intact interventricular septum. The relation be-
tween atrial arrhythmias and previous atrial septostomy was
also studied. There was no significant difference in the in-
cidence of atrial premature beats between patients who had
repair of a balloon septostomy (28%) or Blalock-Hanlon
septectomy (25%) and patients who had a single suture
inserted to close the foramen ovale (25%).
Influence of duration of follow-up. Recordings taken
<2 years after anatomic correction were performed in 25
patients and 21 (84%) showed sinus rhythm throughout com-
pared with 7 (39%) of 18 recordings taken >2 years after
correction (p < 0.01). This was due to an increased inci-
dence of infrequent supraventricular and ventricular pre-
mature beats. There was no increase in incidence with time
of junctional rhythm, sinus arrest, sinus bradycardia, supra-
ventricular tachycardia or high grade ventricular arrhyth-
mIas.
Influence of ageat anatomic correction. The incidence
of arrhythmias in patients who underwent surgical correction
during the neonatal period is lower; however, the differences
do not reach statistical significance. In II recordings per-
formed in patients undergoing correction during the first
month of life, only one had evidence of arrhythmias. This
compares with 14 of 32 recordings demonstrating arrhyth-
mias in patients who were> I month of age at corrective
surgery (p > 0.1, P < 0.15). This difference may not be
entirely related to age at operation as the two groups had
different durations of follow-up (mean follow-up of 16.5
months in patients undergoing correction as neonates com-
pared with 24.5 months in patients undergoing correction
at > I month of age).
Influence of two-stage operation. There was no sig-
nificant difference in the incidence of arrhythmias between
those patients undergoing primary correction or those having
preliminary pulmonary artery banding as part of the two-
stage corrective operation. Of 28 recordings after two-stage
correction, 16 (57%) were entirely free of arrhythmias in
comparison with 12 (75%) of 16 recordings performed in
patients after a single-stage corrective operation.
Discussion
The important findings in this study are the absence of
arrhythmia-associated late death and the low incidence of
significant arrhythmias after anatomic correction of trans-
position of the great arteries.
Preoperative arrhythmias. The incidence and pattern
of arrhythmias in the preoperative recordings is very similar
to that described in normal children and neonates (16,17).
Short periods of sinus bradycardia and junctional rhythm
are frequently seen in 24 hour ambulatory ECG recordings
of normal children. Infrequent supraventricular and ven-
tricular premature beats may be seen in 21% of healthy
children and 14% of neonates (16,17). This compares with
an incidence of infrequent supraventricular and ventricular
premature beats of 20% in our patients with transposition
of the great arteries. Two patients had arrhythmias that are
unlikely to be normal in this age group: one patient with
two short episodes of paroxysmal atrial fibrillation and one
with an episode of ventricular tachycardia.
Postoperative arrhythmias. There was a low incidence
of important arrhythmias after anatomic correction and the
only clinically important arrhythmia encountered outside of
the early postoperative phase was complete heart block in
one patient. It is likely that this resulted from damage to
the atrioventricular (AV) node at the time of patch repair
of a large Blalock-Hanlon septectomy. Operative septec-
tomy has not been used since early in the series.
After operation, there was a significant increase in the
incidence of infrequent supraventricular premature beats with
no significant change in the incidence or grade of ventricular
premature beats. This contrasts with experience after the
Mustard operation (3-10) in which symptomatic late ar-
rhythmias are frequent and includes abnormalities of sinus
node function resulting in sinus bradycardia and persistent
junctional rhythm. Pacemaker implantation may be required
for symptomatic bradycardia sometimes as part of the brady-
cardia/tachycardia syndrome (19,20). This is not unexpected
because incisions and suturing near the sinus node and its
arterial supply are required as part of atrial repair. In ana-
tomic correction the sinus node is unlikely to be injured and
in our series of patients there have been no cases of patho-
logic sinus bradycardia or junctional rhythm. In the Mustard
operation. alterations of surgical technique to avoid damage
to the sinoatrial node have been of limited success (21-23).
Factors influencing the development of arrhythmias.
The analysis of factors influencing arrhythmia production
is difficult because of the low incidence of this complication
postoperatively and the consequently small subgroups for
statistical analysis. However, there is an increase in the
incidence of infrequent supraventricular and ventricular pre-
mature beats with increased duration of follow-up, which
may reflect the natural history of arrhythmias after anatomic
correction or may result from the early experience of an
innovative operation. In addition, the group with the longest
follow-up does not include any patients who had primary
correction as a neonate because this was not begun until
1982. Our experience suggests that arrhythmias may be less
frequent in this group; however, because of the shorter du-
ration of follow-up in these patients, no firm conclusions
can be drawn. Further longitudinal studies will be required
to answer this question. The repair of a balloon septostomy
or atrial septal defect has not resulted in an increased in-
cidence of postoperative arrhythmias. Similarly, the repair
of a ventricular septal defect has not increased the incidence
of ventricular arrhythmias. The latter is surprising because
large studies (24) have shown an increased incidence of
204 MARTIN ET AL.
ARRHYTHMIAS AND ANATOMIC CORRECTION OF TRANSPOSITION
JACC Vol. 10, No. I
July 1987:200-4
ventricular arrhythmias after closure of ventricular septal
defect. The fact that the patient numbers are relatively small
and that the duration of follow-up relatively short may ex-
plain this discrepancy.
Late postoperative death. One of the major concerns
with the Mustard operation has been the incidence of late
arrhythmia-associated death. The incidence of late death has
been between 2 and 5% (8,10,20), during periods of follow-
up ranging from 2 to 13 years. The presence of supraven-
tricular tachycardia and ventricular arrhythmias are risk fac-
tors in the development of late arrhythmic death. A normal
24 hour Holter recording, however, does not exclude the
possibility of sudden death (10).
In our series of patients after anatomic correction of trans-
position of the great arteries, there have been no arrhythmia-
related late deaths. Only two of the patients have a rhythm
disturbance that is likely to increase the risk of late ar-
rhythmic death; one patient with complete heart block and
one patient with Lown grade 4 ventricular premature beats.
Further longitudinal studies will be required to ascertain
whether this encouraging medium term result is maintained.
Proponents of the Senning operation have suggested that it
results in fewer arrhythmias and late deaths than the Mustard
operation. The recent report by Lucet et al. (25), however,
has shown that the incidence of arrhythmias and the oc-
currence of late arrhythmia-associated death were similar in
comparable groups of patients undergoing the Senning or
Mustard operation.
Lange et al. (26) reported the incidence of arrhythmias
in 17 patients after anatomic correction of transposition of
the great arteries; they found no arrhythmias attributable to
anatomic correction. The low incidence of important ar-
rhythmias and the absence of late arrhythmia-related death
in our series so far are important facts that will need to be
considered in the management of patients with transposition
of the great arteries.
We are grateful for the assistance of Professor E. Keck, University of
Hamburg, in the study of patients under his care.
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